Our current study was conducted in Oda forest to explore floristic composition, vegetation structure, and regeneration of woody species in a newly established Humbo Carbon Project. In the project, the above information for sufficient conservation and management of the forest is not well documented. Data were collected in October and December 2014. Thirty-two quadrats (20 m × 20 m) lying 100 m far apart were used for shrub and tree data. In each major plot, subplots (1 m 2 ) were established at the center and corner for seedlings and saplings data. Altitude, slope, and aspect were measured using GPS and clinometers. DBH, basal area, and IVI were used for vegetation structure. Among 62 species confined in 32 families and 54 genera, Dodonaea angustifolia and Combretum molle were the densest and the most dominant and frequent species with higher IVI. Altitude and slope had significant effect ( < 0.0001) on basal area and dominance. Bell and inverted J shaped patterns of selected woody species were identified. The seedling, sapling, and matured tree had 2.3%, 23.7%, and 74% density ha −1 of individuals, respectively. Generally, the study confirmed that very few species had dominance and abundance, influence of altitude and slope on species distribution, and fair regeneration of the forest.
Introduction
Diverse physiographic, altitudinal, climatic, and edaphic difference enables Ethiopia to have various types of vegetation ranging from alpine to desert plant communities [1] which provide economical, sociocultural, and environmental benefits. Many studies confirmed that forests have an important role in maintaining the productivity of the environment; trees provide food for animals, serve as a standing cover to protect the land from wind and water erosion, stabilizing the water cycle, facilitate the process of evaporation, and keep the soil porous; they are also used for construction as well as for tools, furniture, fuel, medicine, grass, and herbage and for forage and provide edible fruits. They serve to absorb carbon dioxide to reduce global warming, give off oxygen, and renew the atmosphere. Plants also serve as a source of income by attracting tourists, serve as recreational facilities, prevent lakes and dams from silting, and clean, regulate, and distribute water resources [1] [2] [3] [4] [5] [6] . Hence, forests sequester and store more carbon than any terrestrial ecosystem; that is, they store more than 80% of all terrestrial above ground carbon and more than 70% of all soil organic carbon [7, 8] . To do so stable climate is crucial but the climate of Ethiopia has been changing due to global and local effects of vegetation degradation [4, 9] . In Ethiopia different factors like deforestation, overharvesting, and permanent conversion to other forms of land use are leading to shrinkage of forest resources. In addition to anthropogenic activities, forest can be affected by different environmental factors such as altitude, slope, and aspect by affecting the patterns of tree species distribution [10, 11] .
The forests of Humbo Woreda have been cleared only within the last thirty to fifty years as the demand for energy, construction wood, food, fodder, and feed has increased as a result of the increase both in human and in livestock 2 Journal of Botany population [12] . The main causes of deforestation and forest degradation at Humbo are tree cutting for wood fuel and construction materials production for sale especially to compensate food shortage created by erratic and scarce rainfall in the area over a long period of time. Oda forest was one of the forests of Humbo Woreda victimized by these anthropogenic activities as well as environmental factors. Awareness and knowledge on sustainable use and management were very much less even though the Humbo Carbon Project forests like Oda forest provide ecological services and socioeconomic values to local communities. Therefore, Humbo CommunityBased Forest Management Project was established with the aim of sequestering CO 2 through regeneration of native forest utilizing the farmer managed natural regeneration technique [13] .
The Humbo Community-Based Natural Regeneration Project forests act as a carbon "sink" to mitigate climate change while at the same time building environmental, social, and economic resilience for future climate change impacts. Over 90 percent of the Humbo project area is being reforested from the stumps of previously cut down (but still living) trees. To date, 2,728 hectares of degraded forest that was being continually exploited for wood, charcoal, and fodder extraction has been protected and is now being restored and sustainably managed [14] . Of that, 340.04 hectares is covered by Oda forest.
The diversity, regeneration status, floristic composition, and vegetation structure are crucial elements to clearly visualize the anthropogenic activities as well as environmental factors affecting the vegetation of an area. Hence, for forest management accurate data on forest resources is considered to be an essential requirement [15] , but as a result of being a newly established Carbon Project such a kind of information is not well documented in Oda forest. The lack of such basic information is one of the serious problems that hamper sufficient conservation and management of the forest. Therefore, this study intended to solve such a basic problem hindering observation of the next phenomenon.
Materials and Methods

Description of the Study Area.
This study was carried out in Oda forest which is 25 km away from Humbo Tebela, the town of the Humbo district, which is located 420 km away from Addis Ababa. The forest is found in SNNPR, Wolaita zone, Humbo Woreda, Hobicha Bongota kebele (6 ∘ 44 and 37 ∘ 52 N; 37 ∘ 53 and 38 ∘ 00 E), Figure 1 . It lies within the midland relatively low agroecological zone at altitude ranges from 1625 to 1929 masl and the vegetation can be classified as the dry woodland forest type. It had been covered by dense vegetation of broad-leaved vegetation types and montane forests before they were cleared around fifty years ago [12] .
Data Collection.
The data collection was conducted from October to December 2014. A total of 32 quadrats (20 m × 20 m) lying far apart at 100 m were used for shrub and tree data based on aspect of the vegetation. In each major plot, subplots (1 m 2 ) were established at the center and corner for seedlings and saplings data. All woody species with DBH ≥ 2.5 cm were recorded and their growth habits described. Individuals having DBH < 2.5 cm and height ≤ 0.6 m were counted as seedling whereas individuals with 2.5 cm ≤ DBH ≤ 15 cm and 0.61 ≤ height ≤ 3 m were counted as sapling. The DBH was measured at 1.3 m from the ground. Altitude, slope, and aspect were measured using GPS and clinometers. Species not identified on spot were identified using published volumes of the Flora of Ethiopia and Eritrea and ETH [16] [17] [18] [19] [20] .
Data Analysis.
Density, Diameter at Breast Height (DBH), frequency, dominance, basal area, and IVI were used for description of vegetation structure. Bar graphs were developed using the DBH versus density of individuals for four arbitrary diameter classes (1 ≤ 5 cm, 2 = 5.1-10 cm, 3 = 10.1-15 cm, and 4 ≥ 15 cm) of the forest as well as the selected dominant species. The structural parameters were analyzed using the following formula:
(1) Basal area of a tree = 2 /4 or ( 2 /39.5).
(2) Diameter at Breast Height (DBH) = ( / ). (9) Importance value = relative density + relative frequency + relative dominance.
Regeneration status of the forest was analyzed by comparing saplings and seedlings with the matured trees according to Dhaulkhandi et al. [21] and Tiwari et al. [22] ; that is, the status was good regeneration, if seedlings > saplings > adults; the status was fair regeneration, if seedlings > or ≤ saplings ≤ adults; the status was poor regeneration, if the species survives only in sapling stage (saplings may be ≤ or ≥ adults); and if a species is present only in an adult form it is considered as not regenerating. Multivariate data analysis was carried out using XLSTAT version 2015.2.01.
Results
Species Composition.
A total of 62 woody species representing 54 genera and 32 families were identified. Out of the total families 58.8% were represented by one species. Fabaceae (8 species) and Combretaceae and Oleaceae (4 species each) were found to be the most species rich families but some of the families like Vitaceae, Ulmaceae, Thymelaeaceae, Ebenaceae, Olacaceae, and Myrsinaceae were found to be the least species rich families (1 species each). Calpurnia aurea from Fabaceae, Schrebera alata from Oleaceae, and Combretum molle from Combretaceae were found to be the most abundant species. 38 species (62.5%) in the forest were represented by importance value less than 1%. Some of the species included in this group were 
Population Structure of the Forest and Selected Woody
Species. The species density distribution by DBH class of Oda forest showed right skewed pattern (Figure 2 ). However, this pattern does not depict the general trends of population dynamics and recruitment processes of a given species. Analysis of population structures for each individual tree and shrub species could provide more realistic and specific information for conservation measures.
Diameter class distribution of selected tree species demonstrated various patterns of population structure, implying different population dynamics among species. In Combretum molle and Combretum collinum the DBH class <5 cm has the least species distribution (i.e., 11.3% and 5.7%, resp.) but the highest density (69.1% and 66.8%, resp.) is found in DBH class 5-10 cm. In Acokanthera schimperi and Schrebera alata the DBH class 10.1-15 cm has the least species distribution (i.e., 7.4% and 6%, resp.) but the highest species distribution (i.e., 71.3% and 74.3%, resp.) was found in DBH class 5-10 cm. In Euclea schimperi, 44.9% species distribution was in DBH class <5 cm, 50% distribution was in DBH class 5-10 cm, and 5.1% distribution was in DBH class 10.1-15 cm. Therefore, these species resulted in bell shaped pattern; however Combretum molle and Combretum collinum have higher species density distribution in DBH class 10.1-15 cm than that of Acokanthera schimperi and Schrebera alata. In bell shaped pattern the middle DBH classes have higher species density distribution than the lower and higher DBH classes. In Dodonaea angustifolia higher species density (78.7%) distribution is found in DBH class <5 cm but lower species distribution (21.3%) is found in DBH class 5-10 cm. Therefore it resulted in inverted J shaped pattern. In general, except in Combretum molle the DBH class >15 cm has no species distribution in all other selected species, Figure 3. 
Regeneration Status.
In Oda forest 55 species (89.1%), 9 species (15.6%), and 5 species (7.8%) have no seedling, sapling, and matured tree, respectively. On the other hand the seedling, sapling, and matured tree consist of 2.3%, 23 
Discussion
In this study Fabaceae are the most dominant family with 8 species. The dominance of Fabaceae was reported from similar vegetation studies [23] [24] [25] [26] [27] [28] . The dominance indicates suitability of the condition and adaptation of the environment for Fabaceae. Similar to Didita et al. [28] study, most families (58.8%) of Oda forest were represented by one species. In the forest high dominance (i.e., 50.1%) is occupied by a few species (Combretum molle, Acokanthera schimperi, Dodonaea angustifolia, and Combretum collinum). Dodonaea angustifolia had the highest IVI (14.1%) followed by Combretum molle (13.2%). According to Feyera [29] the high dominance and/or abundance of a few species in a forest could be attributed to a number of factors, such as the overharvesting of the desired species, disturbance factors, successional stage of the forest, and/or survival strategies of the species. Many ecological studies [30] [31] [32] [33] on A. abyssinica, C. aurea, D. angustifolia, Myrsine africana, and Polyscias fulva revealed that they are successional species. Therefore, Dodonaea angustifolia has been the third dominant species affirming that the Oda forest was in early successional stage. Deribe [12] indicated from his field observation that 26 species would be at maturity of the forests of Humbo Carbon Project. However, our study confirmed the presence of 62 woody species in Oda forest including the planted species like Grevillea robusta. The population structure in Oda forest established two groups of woody plant species from six species selected by their dominance. The first group includes Combretum molle, Combretum collinum, Acokanthera schimperi, Euclea schimperi, and Schrebera alata which showed bell shaped pattern. In bell shaped pattern the distribution of individuals of a species in the middle diameter classes is high and low in lower and higher diameter classes. According to Feyera et al. [34] bell shaped pattern indicates a poor reproduction and recruitment of species which may be associated with intense competition from the surrounding trees. The second group includes Dodonaea angustifolia which resulted in inverted J shaped pattern. Inverted J shaped pattern shows high distribution of individuals of a species in the lower diameter classes and a gradual decrease towards the higher classes. In other words, it shows good reproduction and recruitment potential of the species. Population structure of the forest and selected woody species indicated the absence of individuals in almost all species of the forest in DBH class >15 cm. This and field observation during data collection clearly confirmed the occurrence of high disturbance in matured tree of the forest by cutting of trees for charcoal production, firewood, house construction, and fencing.
In Oda forest most of the woody species (89.1%) had no seedling. The only woody species representing the seedling stage are Combretum molle, Dodonaea angustifolia, Euclea schimperi, Hypericum revolutum, Myrtus communis, and Olea capensis. In the forest the seedling, sapling, and matured tree accounted for 2.3%, 23.7%, and 74% density ha −1 of individuals, respectively. Density ha −1 of individuals of species showed that the seedling < sapling < matured tree in Oda forest. According to Dhaulkhandi et al. [21] , the density values of seedling and saplings are considered as regeneration potential of the species. Based on the criteria of Dhaulkhandi et al. [21] and Tiwari et al. [22] the forest of Oda was categorized under the forests with fair regeneration. In the present study area, some physiographic conditions, worse habitats, lack of awareness of villagers for conservation of forest, series previous disturbance occurring in the area, and immaturity of old trees to produce seed were considered as the causes of less regeneration of the forest. Dodonaea angustifolia was the most abundant species in seedling (72%) and sapling (25.8%). Grevillea robusta and Myrtus communis were species with only one individual in seedling and Celtis africana, Croton macrostachyus, Erica arborea, Grevillea robusta, and Pappea capensis were species with one individual in sapling stage.
Altitude and slope of Oda forest significantly affected the basal area, dominance, and frequency of species while the aspect of vegetation significantly affected only the distribution of the species. The effect of altitude, aspect, and slope on dominance, basal area, and distribution of species is mainly related with their influence on light radiation, temperature, moisture, runoff, and infiltration. Similarly, Kumelachew and Tamrat [35] , Hedberg [36] confirmed the effect of altitude on radiation, temperature, atmospheric pressure, and moisture. Besides, Teshome et al. [24] ensured effect of slope on runoff, drainage, and moisture. The influence of slope, altitude, and aspect of vegetation on moisture availability not only affects the dominance, basal area, and distribution of species but also affects regeneration status of the vegetation. It is also similar to McDonald et al. [37] idea, which states that the sensitivity of plants to moisture availability renders the regeneration of the dry forests. The regeneration of the forest is affected not only by environmental factors but also by anthropogenic activities. Some of the anthropogenic activities seriously observed during data collection were cutting of trees for charcoal production, constructing wood, fence, and mowing grasses for fodder and covering roof of house which are related with observation by Deribe [12] .
Conclusion and Recommendation
Humbo Community-Based Forest Management Project is a reforestation forestry project designed for sequestration of carbon through biodiverse native of natural forest managed by the local community. Oda forest is one of the seven forests Journal of Botany demarcated in seven kebele associations. It consists of 62 woody species representing 54 genera and 32 families. Among these species Dodonaea angustifolia and Combretum molle were found to be the densest and the most dominant and frequent species with higher IVI in the forest. Frequency of species is significantly affected by slope ( < 0.002), altitude ( < 0.0001), and aspect ( < 0.001). Besides, altitude and slope have an equally strong significant ( < 0.0001) effect on basal area and dominance of species between quadrats. The population structure of selected woody species established two groups (bell shaped and inverted J shaped patterns). In Oda forest 55 species (89.1%), 9 species (15.6%), and 5 species (7.8%) have no seedling, sapling, and matured tree, respectively. On the other hand, the seedling, sapling, and matured tree consist of 2.3%, 23.7%, and 74% density ha −1 of individuals, respectively. The forest of Oda was categorized under the forests with fair regeneration because the density ha −1 of seedling is less than that of sapling. Therefore the government, NGOs, and community must give conservation and management priority for species with IVI less than 1%, species with no seedling, and families represented by only one species.
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